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Abstract— A novel object model, the strip blob, for Positron Emission
Tomography (PET) is presented in this article. This object model is formed
by combining the generalized natural pixel (GNP) and the blob. This object
model combines the advantages of both the GNP and the blob. An Algebraic
Reconstruction Technique (ART) based image reconstruction algorithm for
strip blob is developed. The algorithm is evaluated using a realistic Monte-
Carlo simulator, Geant4 Application for Tomography Emission (GATE).
The evaluation study suggests that the strip blob is superior to the GNP in
term of contrast recovery versus noise reduction though only limited im-
provements are observed.
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I. INTRODUCTION
THE Monte-Carlo (MC) based system matrix is frequentlyused in Positron Emission Tomography (PET) reconstruc-
tion to obtain better image quality. A major problem of this
method is the extreme dimension of the system matrix. Many
different methods [3] [4] [5] for the efficient storage of the sys-
tem matrix for current high resolution PET scanners have been
investigated. Vandenberghe et al [6] proposed a method of using
the generalized natural pixel (GNP) to reduce the matrix size by
fully taking advantage of the inherent symmetry of a PET scan-
ner.
Traditionally, in a MC based system matrix approach, pixels
or voxels are used as object models. Matej et al [7] proposed to
use rotationally symmetric blobs as basis functions to represent
images for iterative reconstruction methods. This object model
provides considerable image quality improvement with noise
suppression and contrast preservation at the same time. Gen-
erally, a system matrix of blobs is calculated using ray-tracing
algorithms by using the blobs’ inherent symmetry.
In this work, the strip blob, is proposed. Then, MC based
simulations and reconstructions are performed to study the im-
age quality improvement due to this object model.
II. MATERIALS AND METHODS
A. Strip blob
The strip blobs are formed by using 1-Dimensional (1D)
blobs to replace the rectangular function in one dimension of
the GNP, while keeping the other dimension without change.
In Fig. 1, the cross section on the top left shows this, and the
perspective view on the top right demonstrates both the two di-
mensions. The bottom row shows strip blobs at various angles.
B. Image reconstruction
The object can be described by a continuous function f(r) in
Euclidean space. The measurement can be denoted as gi. The
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Fig. 1. Strip blobs, the top row are the strip blobs on the GNP grids at an angle
at different perspective point, the bottom row are the strip blobs on the GNP
grids at different angles (only two angles are drawn).
image formation process can be written as:
gi =
∫
FOV
f(r)hi(r)dr (1)
where hi(r) is the detector sensitivity function, which refers to
the local emission contribution at r to gi.
Once parametrized by strip blobs, (1) can be rewritten into:
gi =
K∑
k=1
Mikqk (2)
where Mik is defined as
∫
FOV
bi(r)hk(r)dr, where bi is the
strip blob.
The algebraic reconstruction technique (ART) is chosen to
resolve (2). The ART algorithm used can be expressed as
qt+1
k
= qtk + λ
Mmk(gm − (Mq
t)m)∑L
l=1
M2
ml
(3)
where M is the system matrix, q are the coefficients for strip
blobs, g are the measured projections and t is the iteration num-
ber which increases 1 after a row m is forward projected. A
final step is to convert the q back to traditional voxel/pixel based
image.
C. Image quality evaluation
A contrast recovery coefficient (CRC) study is performed for
image quality evaluation purposes through MC simulated data
sets. Three types of blobs are used for the CRC study: the stan-
dard blob (std blob), the narrow blob and wide blob. The phan-
tom used consists of 6 lesions of 4.75, 6.35, 7.95, 9.55, 12.7 and
15.9 mm in radius within a background of 108mm (radius). The
first 4 are hot lesions with 5:1 background ratio. The remaining
two lesions are cold lesions with no activity.
(a) (b)
Fig. 2. Reconstruction examples and path of the profiles. (a) is a GNP recon-
struction at iteration #500 and (b) is the counterpart of the standard strip
blob. The dashed line in (a) is the path to get the background profile. The
dashed circle in (b) is the path for the lesion profile.
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Fig. 3. Image profiles. (a) is the background profile, along the path in Fig. 2
(a). (b) is the lesion profile, along the path in Fig. 2 (b).
III. RESULTS
A. Reconstructed image profiles
Reconstructed images are obtained. An example is shown in
Fig. 2. The left is an image of GNP reconstruction at 500th itera-
tion. The right is the standard strip blob image at 500th iteration.
The dashed line and curve are pathes to generate the profiles.
The background and lesions profiles along pathes (c.f. Fig. 2)
are ploted in Fig. 3 for all the reconstructions at 500th iteration.
From the profiles, we can see that the background profile (Fig. 3)
of blobs are smoother than that of the GNP. However, the peaks
are lower for blobs (Fig. 3).
B. CRC results
The CRC results are compared with the results for a GNP
based reconstruction. Two example CRC curves for the hot le-
sions (Fig. 4 (a)) and cold lesions (Fig. 4 (b)) are given. Fig. 4
(a) shows the CRC result for the 7.95 mm hot lesion. Fig. 4 (b)
shows the CRC result for the 15.9 mm cold lesion. The CRC
study suggests that using blobs there is an overall improvement
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Fig. 4. CRC curves. (a) is of the 7.95 mm hot lesion, (b) is of the 15.9 mm cold
lesion.
of approximately 5% by considering both the noise control and
contrast recovery.
IV. DISCUSSION AND CONCLUSION
The constrast noise performance indicates that strip blobs are
capable of denoising without losing too much contrast. Strip
blobs cause no increase in the system matrix storage for the
same configuration as the GNP. Also, there is no obvious in-
crease in the computational load for the same reconstruction pa-
rameters. Taking these into account, it can be concluded that the
strip blob is a practical model in PET image reconstruction.
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